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%, (20 CHMTIRAFEM . S, TIREEN
1.03~1.05 g/lem®, H/KFE 82%~9.0%, Ik
N 47~60 mg/kg, 1L E B Y SHE 2.8
mg/kg(lT G 4R BT A R 7 R E GB 23727—
2009). Fi4b, TEREMRRTI AR AT, B Y, XL
AR SRR T E R LRI R i .

1.2 E[FH DNA 285 PCR ¥ 1

1 gl 2n 458, iR Sh 22 phl(PBS, pH=7.0)
JEVE 3 K, fHH OMEGA A7 E.ZN.A Soil DNA i
B PR B 3L 4 DNAM, SR 40 16S tDNA
i FH 514 338F/806R #E4T PCR 414 V3+Vv4 [X B2,
ff F§ TransStart Fastpfu DNA % & M (TransGen
AP221-02), 20 uL X NifA %, 7E ABI GeneAmp® 9700
A PCR % 4T PCR #4E. ¥ FEF H: 95 CA&ME
3min; 27 NG, G 95 CA&ME 30, 55 CilR
K 30 5. T2°CHEMH 45 s AN B 7R 72 CAIEM 10
min; B J5 RIFLE 10 C 27 . K H 524F/Arch958R
P16 B 16S rDNA #5r H B, I gEEF 35 1, H
A S5 AF R 2T PCR 91 SAMEAR 3 NEE, B
PCR F=WIVRA JG FH 2%35 e W 6 J i vk A U, i A
AxyPrepDNA /I IR A& (AXYGEN 2 /) YK [E
I PCR 74

1.3 SBENFSEIESHT
JHt 3T Miseq PE °F & (Illumina, 3£ [E)i# 17 5

B I FF53 3 PE reads 14 264 overlap 5% & it
ITPHE,  [EIIXE 0 B R AT B AL g, AR 75
Z 1A AR A 0.97 1 Dy AR Rl 73 4 A o SR T
(OTU). 7E Usearch M4 & (Version 7.1)#47 OUT 4
#r, 2 Rank-Abundance HiZk. i+54EY Alpha
ZFEMEFESL, EZEFE Chao. Ace. Sobs. Shannon.
Simpson 1 Coverage %5 . J3 41, %F 720347 BEHLAFE,
DL B 20 805 e AR OTU 13 H ) id i
B2 3t H Silva B4 FE3EAT 16S rRNA FEK 751
tbxt, 26w EFEER. FIFH FastTree #44(Version
2.1.3), EFEJEAKF L RE RN, 6 R
PRE R RGRKEW .

T AHES R R A R

14 TisHE D S &E 16S rDNA £E

K R FIMRE, ¥ 1 g HIEMIEM T 9 mL K,
SRIG AR 1X 1072, 1X107°, 1X1074 1X 1075 F
1X10° g/mL % 5 ANKEE, 73 HIERE] LB [E kR 7%
5 T PARCRIZE . Zad 5 AT IR RIZ, KB
NEVEER R TR F, 30 CRIE1L 18~24 h.
FRFB ODgoo fEAE 1~2 Z A1, L 10% (viv)FEFhF%%
A 10 mg/L B RARE FREL M HEIE I, T53 0 150
r/min. A 30 CRIZA FEGHFE, WE 24 h J5xf
B2 BRIE D o I ESR MR B AT 10 5 BB, 200l i 44
J§ USC Al. USC B2. USC C2. USC D2 #1 USC E2.

PRI R 2H DNA $BORF S b SR B E i
HIEAT 401 DNA $2H0, SR 5149 27F/ 1492R #1 16S
rDNA ZE[K, PCR ¥ HFE/FH: 98 CAME 2 min; 35
AP IEIEIR, F145 98 ‘CAEME 10 5.55 CiBK 105,72 C
SE{# 20 s =ANEL; £E 72 CZEfH 10 min, &5 1R
1E 4 CZAFFRH - X PCR 438 25 L3k 47 35 g W 4 fse F
WKAHT, K DNA AT R B K& e B, 76 ABI
3730XL WP T SptEz. K 5 AS4HEE e gt R4
2 3| Genbank, 3K13 % x5 4 N MF083942 .
MF083941. MF476206. MF476207 #1 MF476208. 7
NCBI ¥ 7 i it BLAST T E A ZALLFE 5, %t
545 1iE Mega 7 B4, #R 4 Neighbor-Joining 77
%, X 1000 IR, HHESHMEIERE, MRS K
B, SE RO Al 1) 7T AR E

2 GRS

2.1 HAXFFS OTU 734

X2 B 5 A1) A e R A SR AT AR, R
FFEERITA, 703K 42706 F1 34346 264G 37
A, SR 1 Fa. WE-FF K 449bp, H
HF B FETE 441~460bp Z (BT 40171 2%, i RFH
(1) 94%; FAhA 2528 27 FIHK FEAE 421~440bp 2 [H],
LB LI 6% & BT 2 7SI LN 448bp, HH /741
KFETE 441~460bp 2[4 33020 %, i1 47511 96%:
FHAhAE 461~480bp Jz 481~500bp 2 7] 7 51| 4 5 53]

Table 1 High-throughput sequencing results of bacteria and archaea

Microor-  Sequence Average sequence Sequence rang Sequence rang Sequence rang Sequence rang OouT
ganisms number length of 421-440bp of 441-460bp of 461-480bp of 481-500bp number
Bacteria 42706 449 2528 40171 0 0 145
Archaca 34346 448 0 33020 240 775 20
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WiV, S5 BRI TSR S o IR S AR Al T ) B 2385

N 240 5 775,

BT LR 97%%14> OTU, 4HEE 1) OTU %L
B(45WEZ THEEEQ0), RBAEMEEZL.
Guik A OTU i P F1%L, A AR, BL OTU
I NFEALFRAE B, 733 Rank-Abundance B2k, 1/&
1 fiom. AEKFT71A), mhZRfEReih Eiya R, &
BRI R iR gE, SLEAR oA
FEI5T. B 1 RIEL, 4HBE AR BN S FE AR L
HTR B, VTR A B TR ) R B R

I

102 '(a)

Relative abundance/%
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Fig. 1 Rank-Abundance curve of bacteria (a) and archaea (b)

2.2 Y Alpha SHEM T

THEANFEBE NS N1 Alpha ZFEMETREL, 45
Wi 2 frsil. Coverage fAERHUFEIRE, 4HE Coverage
790.99955, WEEN 1, SRFEA T F B B L

F2 MY Alpha ZREMEGITT R
Table 2 Alpha index of microbial diversity

RERRARAR, JEH i AR A A EL S5 5L . Ace. Chao
M1 Sobs TR IR WL+ R, H5EUE K/ IEM
Ko MFE 2 W51, 4HEH) Ace. Chao I Sobs B4 &
THBEW, REHEHE T EEESRZ . Shannon
B Simpson FREUN W] LA BLGIUAE VIR R Z FEVE,
Z AV K/N5 Shannon F8 B8 1IEAHG, {25 Simpson
FREAHOC. IR 2 TTHEN, 4HEEH) Shannon K,
Simpson FEEE /N, RERENEN R UlE 2 AN S T
.

FEA BN LA B ZU BB AL BR, 7070 ARH RE
Ace. Chao Fl Sobs TECHINAANR, Ll Hh=F & FER BT
ST A BILAAH R OTU Shannon A1 Simpson $5
BONPARR, ZhlZ R oA, a5 i 2 pr
Ne NERMEE S ETE, & b IR P m
P, ORI R A, ARG S L ORE TR B

W
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Fig.2 Alpha diversity charts of bacteria (a) and archaea (b)

Microorganisms Ace index Chao index Sobs index Coverage index  Shannon index Simpson index
Bacteria 145.4 145.1 0.99995 1.79 0.33
Archaca 20 20 1 1.09 0.56




2386 T EA O8RS

2018411 A

ZFEVERGR 20 M7 B P P S BRI B s AT, R
ASSIZIG T AR B o R A S R A T M S R R
CUEZ SR

23 HESHERREER

R FH ol B E R (genus) 7K T 240 A 3 B2 R o I8
FHE K 3 fra, X i EEl T 0.5% )4 Al
ik tefl, A “Other” Fom. MK 3yl &, 4H1E
J& e Bl i K B N 4y N Bacillus (49.6%)
Lactococcus (31.9%)  Carnobacterium (3.14%) -
(2.87%) - (2.58%) -

Streptococcus Enterococcus

Caulobacter (0.89%). Comamondadaceae (0.83%) .
Pseudomonas (0.72%) - Enterobacter (0.62%)
Cronobacter (0.53%). Others ELFIN 5.62%, A %175
(unclassified) L5124 0.69%.

Bacillus(Fi 5 2 fFF ) 2 4l R AT 338 b i o5 e 4
BRI R, HOrdES8m—F, cARERIE
HA RAFHimahae s 54 s EAUR, AR agl 5t
0 IO BT R B & RTO 512.5 mg/g(TEE), MRt ik
P45 416 & Freundlich BI8S; ) B SUR I, ¥
URENRFE N 25~100 mg/L B, Al B ZEAOAF B o] IE % 4E
K, JF A A S AR, FEE R NN EE,

Unclassified ! (a)

UtICts
Cronobacter
Enterobacter
Pseudomonas
Comamondadaceae
Caulobacter
Enterococcus
Streptococcus
Carnobacterium
Lactococcus

Bacillus

20 30 40 50
Proportion/%

Unclassified (b)

Others

Terrestrial miscellaneous

Crenarchaeotic

I_I_QI N

Methanobacterium

Methanosaeta

Candidatus Nitrosotalea

10 20

S

&3 Genus /KF L4iE 5 M FEER

Proportion/%

Fig. 3 Abundance of microbial species of bacteria (a) and archaea (b) in genus level
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WiV, S5 BRI TSR S o IR S AR Al T ) B 2387

215 ARSI ER 89%. Lactococcus(FLEKE )2
AT g i o5 OISR g, BTN S A =
2. OBEID ZUIHFFURBL, TEAIREEN 10~150
pmol/L I, JH S PR 4T M P 0 2 e I e 8 . 225 a1 A
i, RS TR RRES UVDESTE
AEERIE S

Streptococcus(FEER )& L 3irh 1 — R0 AH, B
5 LIl 2.87% . MISHRA 251N Streptococcus lactis
e B GPRRRL b, #H4T U(VDIRRBAR 78 . 4551 K
I, R B B 5 W B AT ARAT SRR, W5 55 AR [
RIS G AT HRAF IO R . 10 min PSSR
It 85%+2%, 7E pHS.0 A 25 CHF, UV
KI5 B (Gma) N 169.5 mg/g. Caulobacter W J&EFT
5 EA 0.89%, BT BRZOSKA 25120 W a5 ek
DR 4y 2515 3 Caulobacter sp. OR37, 5 HAth 3 F
WAEYI S LR &, 7E 200 wmol/L &8 ks 953,
254 30 JEEEFE, MRTAEMR IR E R, Bt
R L (il e

Pseudomonas(fR - HOE) T &5 ELBIN 0.72%, W%
W7 R IN Pseudomonas % 8 HLAT 1R e (W B 280 L 5 it
SZHE PN Pl P SN - LM AT R R B A
YEREATHI T, 45 RE W40 A 3 AR LSR5 2 16S rDNA
EHEFHEE, HPhEREMNRERE EER
Pseudomonas  stutzeri K Pseudomonas putida , T
PCR-DGGE {78 Pseudomonas stutzeri &8 PRI
MEAR B R « Enterobacter(Ji ¥ # J&) BT 5 EL A5
0.62%. %W JE W EH R I, Haehs R
Husb 2R, ATE SRR, WA ES RN
HAT RT3 g 12,

WANEE 4 M E, Carnobacterium Enterococcus-
Comamondadaceae FI Cronobacter, CAI 1WA B 17L&
IR FIHRIE . Carnobacterium J&T PRI # &,
MM T L. Enterococcus NIHERB &, 2=
PORHE, 4 3k s O [, St IR A A
Comamondadaceae Fi1 Cronobacter SCHRRIER /. A
SO EEEN TR, R T AT MCRTE R
RIE B8, SR 1 sl a2 — M RE A R
A 2 FEME B > A oK, AT DAREFZ 98 4R 5,
Fr RS S

M 3(0) AT ER, o B T A R T, 4% LA e
KB4y N Candidatus Nitrosotalea (74.03%)
Methanosaeta (6.37%) Methanobacterium (3.25%)-
Crenarchaeotic (3.23%) A Terrestrial Miscellaneous
(1.25%) - 73 b K F1 7 51 BBl 22 008 11.29%
(unclassified), others(¥/ 5 J& Ll /NT 0.5% 4%

Gy 0.58%. Candidatus Nitrosotalea Iy IEAH
T B, JE R RO A [R) jta AR 7 =k £ 48 5% 5
AN TR A= A BRI R RE IR, R R IR
WAEAE, fELBEEE b iREmEENIEN.
Methanosaeta 3 Hi 825, SOMENAHALLY %5°77E
TR Cr(VI)XF AR P v A0 5 vh R I SR T PRI A
fE, BAEm Cr(VD)WREE T, Hbe i i 52 340 .
Methanobacterium W EEF T, SHBERIW 5T kb3
IE AR K RV e B A A5 A RE I, R IIRL TS Y
Cr(32.3 mg/kg). Mn(1850.2 mg/kg). As(95.1 mg/kg)Fl
Zn(761.8 mg/ke) & BIRENT, Methanobacterium w1
FRETIA 4.68%, ‘o BRIV 52 58 4 )8 7V Ae
N H , B OM
Miscellaneous 85 {EHFFE TR o H B,
I HT AR LA B B BT L i oE, T
AR I EA R AR PR BT AR . R AR
S SHEREAR, BT AR, 4R
B WA CEE S = AR IR . Bk, X T
FERNIRES P A A T Re ST HLEE,  J5 22 2ol it 2R
58 DR 20 e RS I R B AR IR T

Crenarchaeotic Terrestrial

24 PESHERRZLBENIH

XiF B BT o LA T 0.5% 4N Sk B 4 il
HERGKEWN, SRWE 4 PR, Hh&wERas
BFSIEBEATZH IR [0St REREG R R
AT, ANE SO FEEPEF X UG B 4(a)rT A, i
W 1 R GER B AT 7 M RS, AR B 3 i
0N T N i AT NG
Comamondadaceae - Pseudomonas < Enterobacter H
Cronobacter NF)—#%, CAZ ARG RREIL, MiX
5 PR P o LU ERAS 5 £E 0.53%3F1] 0.89% 2 [H] o Hort,
Enterobacter 1 Cronobacter £ EAH/INP 5352 b, 3R
ARG R R,

7y A — K % B & Bacillus «
Carnobacterium- Streptococcus 1 Enterococcus, "B ATl
P EEBIECR, M 49.6%F] 2.58% A%, FEHREH +
W E . L, Lactococcus F Streptococcus 1L
[F] =gy s b, ARRENRSRG R R, AR
W, Carnobacterium R Enterococcus %% ZMWAIRIT »

HHEMAREKEMBE RN K, K
Candidatus Nitrosotalea. Crenarchaeotic F! Terrestrial
Miscellaneous H—#%, RGRAZBOL, EANIHLEIZ A
N 78.78%. T Methanosaeta 1 Methanobacterium A
[l —#%, PUONEN#Z bR, Frblorg ok /%,
BN 9.62%. SHEMLL, HEKRGK

Caulobacter -

Lactococcus
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B R B ] A 5 FhEERH A 2 BR 2 S 2l AT A 2] 99.0% 94.7%
96.2%- 99.3%F1 94.7%, Eo~H ERERERSCER, K
25 THENE. £E CATEA RIFRa By RIS E i H1. KX 5 M
Yoy B IR0 5 AN El B JE USC Al. USC B2, f) 16S rDNA, @it Blast T EIH AT, 45 R0
USC C2. USC D2 M1 USC E2, 5% 10 mg/L &8I 3£ 3 Fidl.
G IR, B8 24 h WANI LBRIGOL. 455 RIMIX USC Al. USC B2 4335 Klebsiella sp. NCCP-141
Phylogenetic tree Nuber of reads
(@)

Caulobacter |

Pseudomonas|
[ Cronobacter |
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(b) Phylogenetic tree Nuber of reads
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Fig. 4 Phylogenetic trees of bacteria (a) and archaea (b) in uranium tailings based on high through-put sequencing

=3 T4l 16S rDNA FHIAE U4

Table 3 Similarity analysis of uranium-resistant bacterial 16S rDNA sequences

Isolated bacteria Accession number The most closed genus Accession number Similarity/%
USCAI1 MF083942 Klebsiella sp. NCCP-141 AB558500.1 99
USC B2 MF083941 Acinetobacter johnsonii strain SP171 IN409466.1 99
USC C2 MF476206 Pseudomonas cedrina strain Y37 JX113244.1 99
USC D2 MF476207 Pseudomonas cedrina strain Y37 JX113244.1 99

USC E2 MF476208 Pseudomonas cedrina strain -Y310 JX113239.1 99
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Fig.5 Phylogenetic tree based on 16S rDNA

(AB558500.1) H1  Acinetobacter  johnsonii  strain
SP171(IN409466.1) 5 AL, AL 99%; USC C2
1 USC D2 ¥ 5 Pseudomonas cedrina strain
Y37(JX113244. 1)l Lh, AHALE RN 99%;: USC E2 5
Pseudomonas cedrina strain-Y310(JX113239.1)5 4811,
FHABLBE D 99%. HIBLHI%I, USC Al 1 USC B2 43J))
N Klebsiella sp. f1 Acinetobacter johnsonii 1 J& , 1 USC
C2. USC D2 Jz USC E2 WA NIJ&T Pseudomonas
cedrina B FH

¥ 5 M S AR & 7 51, 85 Mega 7 BEHY
HERGAKEN, ERWE S Fin. NRGKEME R
A %1, USCAI. USC C2. USC D2 Fl USC E2 fE [d]—
3 b, T H, MR REGE . T USC B2
L5 oAy 4 Fof s B P ANAE ) — 20 5B, BEAL R R BLE
Al A B2 REMBEE, 18 2.3 S g BEVA 251 0 4T
I, JRBCA L, RIMIX 2 Fi R EORAE R 3
ity BT 0.5%.

Klebsiella sp. )95 fa 0 R # &, J& T 20w,
VDR FE - LU M PR M N K S A Ry s 15 3
kg w, 15K N BKIEHE UMK,
Acinetobacter johnsonii J& T RENH )&, ISLAM 211
WEFE T R R AT 4 1 22 1 < U [ A
N EHAS Acinetobacter W)E, RIVEX Niv Zn. Cu
M Hg BA RIFyitE, HAB MBS, /£ 48 h
WERENAE I E] 50 mg/g 4HHE T F . Pseudomonas
cedrina J& TRFHE, HATC A ZRERKINEANTE

MF083941 USC B2
KY069031.1 Bacterium strain CH2
IN409466.1 Acinetobacterjohnsonii strain SP17 1

HQ739095.1 Staphylococcus pasteuri strain L2A2

{ KJ149814.1 Acinetobacter sp. J22

AB002658.1 Gamma proteobacterium HTA608
MF083942 USC A1

MF476206 USC C2

MF476207 USC D2

MF476208 USC E2

ABS558500.1 Klebsiella sp. NCCP-161
JX827712.1 Bacterium RB5-FF-15

IXR27712 1 Bactorizm RRS_FE_15(2)
JASL 1L bacterium noS-r'r-15(<4)

v KT767978.1 Pseudomonas libanensis strain K14

KC790322.1 Pseudomonas gessardii strain SY7
AB680980.1 Pseudomonas fluorescens strain: NBRC 15841
JX113244.1 Pseudomonas cedrina strain Y37

DQ683574.1 Pseudomonadaceae sp. MB16

DQ490312.1 Pseudomonadaceae bacterium KVD-1700-18
JX1134634.1 Pseudomonas azotoformans strain +Y74
JX113239.1 Pseudomonas cedrina strain —Y310 99

H RAF a2 BR e 2,

3 Z5ip

1) 4 55 E s EEN R, 2531 42706 AN
34346 AT H . AHE ¥ OTU Hi(145) 8.2 T
F#(20), 40 Aces Chao Al Sobs i %t B &5 i T+
R SR T Al SR 8 L 2R 2 . A\ Shannon
L5 Simpson 1REURI A1, HEA A0 R HEE 2 R
T

2) TR 40 A A s e A9 B R BN 93O Bacillus
(49.6%) « Lactococcus (31.9%) - Carnobacterium
(3.14%). Streptococcus (2.87%)~ Enterococcus (2.58%)-
Caulobacter (0.89%). Comamondadaceae (0.83%) .
Pseudomonas (0.72%) - Enterobacter (0.62%)
Cronobacter (0.53%). Carnobacterium. Enterococcus-
Comamondadaceae 1 Cronobacter J¥'E K K IAEHHE
WA,

3) T AT SRR B, A2 LA e R E N
Candidatus Nitrosotalea (74.03%) « Methanosaeta
(6.37%)~ Methanobacterium (3.25%)- Crenarchaeotic
(3.23%) A1 Terrestrial Miscellaneous (1.25%). LT H
AU LR SRR RiRkE, HASD RS
BHLERA F5 )5 AT 7T

4) MR 3R 2> B 5 RPN R, USC Al
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1 USC B2 43 %N Klebsiella sp.F1 Acinetobacter
Johnsonii ¥ J&, T USC C2. USC D2 K USC E2 )&
T Pseudomonas cedrina WFh. EAIE 24 h N, *XF 10
mg/L Bl % BR R iRm0 5 T IE E 99.0%. 94.7%.
96.2%- 99.3%F1 94.7%, o~ H RIS, R
BATEA R B R AL B 2 7
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Microbial community of bacteria and archaea analysis in uranium
tailing and uranium-resistant bacteria isolation

ZENG Tao-tao, LI Li-cheng, CHEN Zhen, GAO Xiang, TAN Wen-fa, LIU Hai-yan, WANG Guo-hua

(Hunan Province Key Laboratory of Pollution Control and Resources Reuse Technology,

University of South China, Hengyang 421001, China)

Abstract: In order to investigate the uranium-resistant microbial communities in uranium tailings, high-throughput
sequencing technique was used to analyze the community structure of bacteria and archaeca. And isolation and
identification of uranium-resistant bacteria were carried out. The results show that, after high-throughput sequencing,
sequences of 42706 and 34346 are available for bacteria and archaea with high quality, respectively. Microbial alpha
diversity analysis reveals that there are much higher microbial diversity, abundance and richness of bacteria than that of
archaea. According to microbial community analysis of bacteria, it is the first report of Carnobacterium, Enterococcus,
Comamondadaceae and Cronobacter in uranium tailings, which occupy 3.14%, 2.58%, 0.83% and 0.53% of the bacterial
abundance, respectively. It also reveals other dominant uranium-resistant bacteria of Bacillus (49.6%), Lactococcus
(31.9%), Streptococcus (2.87%), Caulobacter (0.89%), Pseudomonas (0.72%) and Enterobacter (0.62%). Besides that,
according to microbial community analysis of archaea, it is the first time to show the dominant archaea genus of
Candidatus Nitrosotalea (74.03%), Methanosaeta (6.37%), Methanobacterium (3.25%), Crenarchaeotic (3.23%) and
Terrestrial Miscellaneous (1.25%) are available in the uranium tailings with certain abundance. In addition, five
uranium-resistant bacterial genera are isolated, and molecular technique identification shows Al and B2 are similarity
with Klebsiella sp. and Acinetobacter johnsonii, respectively. And C2, D2 and E2 belong to the species of Pseudomonas
cedrina.
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